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摘  要 




方法对 CFBB 的控制问题进行研究。 
由于国内 CFBB 燃煤品质多变，一个有一定精度、容易计算、并可以实时在
线校正的预测模型对于 CFBB 预测控制系统是极其重要的。本文首先对于可以作
为非线性预测控制模型的各种神经网络进行比较，重点讨论基于 OLS 算法和 PLS
算法的 RBF 网络的非线性逼近能力和泛化能力，并对算法参数的选取进行了讨
论。通过 CFBB 仿真平台产生多种训练数据，经过泛化实验，基于 PLS 算法的 RBF
网络由于容易进行在线校正，因此获得较好地泛化结果。在此基础上，采用实际
工业数据作为训练样本和泛化样本，比较基于 PLS 算法的 RBF 网络模型和小波网
络模型，两者均容易进行在线校正，但从网络参数调整方便的角度， 终选取基





建立的 CFBB 仿真平台上，应用该方法对于 CFBB 系统的密相温度、稀相温度、密
相床料量、稀相床料量和汽包压力进行预测控制仿真研究，结果比较令人满意。
作为对比，采用 BP 网络和基于 OLS 算法的 RBF 网络代替基于 PLS 算法的 RBF 网
络作为预测模型进行预测控制仿真，结果明显不如前者。究其原因，主要是预测



















The Circulating Fluidized Bed Boiler (CFBB) has the most splendid future 
among all kinds of coal-burning furnaces. Because of its large time delay and strong 
nonlinear characters, it is more difficult to be controlled than other normal boilers and 
the closed loop control in its Combustion Process usually can not be achieved by the 
normal control methods. Model predictive control (MPC) which is based on neural 
network is used to study this problem in this paper. 
Because the quality variation of the coal used in domestic industrial CFBB unit, 
a predictive model, which is precise, easy-calculated and can be adjusted online real 
time, is very important for CFBB MPC system. Several kinds of neural networks 
which can be used as nonlinear predictive model are compared and the approach 
ability, generalization ability and parameter selection of OLS-based and PLS-based 
RBF network are discussed. Various data are produced on the CFBB simulating 
platform and the generalization experiment is carry out . The PLS-based RBF network 
shows better result because it is more easy to adjust online. Based on it, the 
PLS-based RBF network and the wavelet network are compared by using industry 
data. These tow kinds of network are all easy to adjust online, but considering the 
convenient of parameter selection, the PLS-based RBF network is adopted in this 
paper. 
Because of the properties of CFBB, a new method of rolling optimization which 
is easy to realize is given. The system step response is needed to infer the relation of 
input and output and the error of control system is used as the optimized parameter 
and as input of the nonlinear controller to make the system output approach to the 
setpoint. The feedback adjustment is implemented by the means of using system 
output to adjust predictive model online. On the simulating platform, which is built by 
our laboratory, the MPC simulation for the temperature of dense and dilute region, 
bed inventory of dense and dilute region and steam pressure of CFBB are 
implemented and obtain the satisfactory results. As the contrast, the PLS-based RBF 
network is replaced by the BP network and the OLS-based RBF network to do the 
same simulation, the results is worse than the former. The bigger error of predictive 
model is the main reason. At last, the industrial feasibility of this method is validated 
according to the needs of industrial CFBB control system. 
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图 1－1  典型循环流化床锅炉系统示意图 
 







表 1－1 CFBB 变量耦合关系表 
被调量 主蒸汽压力 炉床温度 炉内床料量 
给煤量 强 强 中 
排渣量 弱 弱 强 
一次风量 强 强 弱 










































































实现 CFBB 的自适应预测控制，这将是很具有现实意义的工作。 
 
1.3  预测控制概述 





























































     从以上几点不难发现，预测控制是一种灵活、适用性强、有着强大生命力
的优化控制思想。 
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)](,),1(),(,),1([)( ττ −−−−−−= uy ntutuntytyfty LL        (1－1) 
yn 和 un 分别为输出 )(ty 和输入 )(tu 的阶次，τ为模型的滞后时间。 )(•f 是
一个未知的连续非线性函数，通常可用一个神经网络对该系统进行逼近： 
)](,),1(),(,),1([)(ˆ ττ −−−−−−= uyNN ntutuntytyfty LL      (1－2) 
式中， NNf 为一个神经网络； )(ˆ ty 表示该网络输出值，通过训练使得 )(ˆ ty 逼
近 )(ty 。由式 1－2可获得系统一步向前预测值： 
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jijii ubgay ω  
)tanh()()1/(1)( rrgerg r =+= − 或其中  
假定网络中的同层神经元、隔层神经元之间均无互连，只有临层的神经元之
间相互连接，信号由低层向高层神经元传输。若网络的层数取为三层， )2(ija 代表
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